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of manufacture in suitable form for use in a field emission display. 

In accordance with a first aspect of the present invention, there is provided a 
field emission cathode comprising polymer material forming a field emission surface 

The inventors have fortuitously (and most unexpectedly) discovered that 
polymer materials can be manufactured giving high electron emission. Polymer 
materials can be formed by known techniques into uniform cathodes, which may be 
large in area, and can be highly stable. Exclusion of oxygen is considered useful for 

the stability of the material. 

i 

It is particularly preferred that the polymer is a conjugated polymer material. 
Conjugated polymers typically have high density of free electrons- Most polymer 
films are p type with few free electrons; the substrate of the cathode can itself 
contribute electrons. 

Such materials are known for other applications in electronics, which utilise 
semiconductor type properties of certain conjugated polymers. The usual 
applications proposed for conjugated polymers - eg. in light emitting structures, 
photocopiers, photodetectors and thin film transistors - do not require the material to 
have a low work function, and it is believed that this property of such materials has 
not hitherto been utilised. The present inventors have found that some such 
polymeric materials are capable of producing very high steady state field emission 
currents with the threshold field needed to initiate field emission being smaller than 
for any other so far reported. 

It is especially preferred that the polymer material is a substituted 
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the grid and a luminescent screen, wherein electrons are selectively emitted from the 
cathode under the influence of the grid and then accelerated onto the screen with 
sufficient energy to cause it to luminesce by the acceleration anode. 

In accordance with a third aspect of the present invention, there is a method 
of fabricating a field emission cathode comprising forming a layer comprising 
polymer material on a substrate, the polymer material forming a field emission 
surface of the cathode. 

The polymer material may be any of the polymer materials referred to above 
with respect to the first aspect of the invention. 

Specific embodiments of the present invention will now be described, by way 
of example only, with reference to the accompanying drawings, in which:- 

Fig. 1 is a graph of normalised or average field emission current density (on 
a logarithmic scale of Acm" 2 on the vertical axis) against applied voltage for a 
cathode embodying the present invention; 

Pig. 2a is a graph of normalised field emission current density from a cathode 
according to the present invention in A cm* 2 and a logarithmic scale on the vertical 
axis against normalised applied electric field on the horizontal axis, measured in 
volts per Results are shown for three anode-cathode spacings, the left-most line 
being for a spacing of 27nrau the middle line for 47|tim and the rightmost line for 
l^Ojim; 

Fig. 2b is a graph of normalised field emission current density from a cathode 
according to the present invention in A cm" 2 and a logarithmic scale on the vertical 
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CL AIMS 



1. A field emission 



cathode comprising polymer material forming a field 



emission surface. 

2. A field emission cathode as claimed in claim 1, wherein the polymer 
material comprises a conjugated polymer. 

3 . A field emission cathode as claimed in any preceding claim wherein the 
polymer material is a substituted polythiophene. 

4. Afield emission cathode as claimed in any preceding claim wherein the 
polymer material comprises a polyalkylthiophene. 

5. A field emission cathode as claimed in any preceding claim wherein the 
polymer material comprises poly-3-octylthiophene. 

6- A field emission cathode as claimed in any preceding claim wherein the 
polymer material is formed as a layer on a substrate. 

1. A field emission cathode as claimed in claim 6, wherein the polymer 
material layer is formed from a polymer solution which is distributed on the 
substrate, the solvent being Evaporated during manufacture to leave behind the 
polymer layer. 

S. A field emission cathode as claimed in claim 7, wherein the solvent is 
evaporated under vacuum. 

9. A field emission cathode as claimed in claim 7 or claim S 7 wherein the 
surface of the polymer layer comprises voids which are formed by solvent 
evaporation. 
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1 0. A field emission cathode as claimed in any of claims 1 to 8, wherein the 
surface of the polymer material is shaped by use of a mould. 

J 1 . A field emission cathode as claimed in claim 10 wherein die moulded 
shape of the polymer material surface comprises projections which promote field 
emission. 

12. A field emission cathode as claimed in any preceding claim, wherein the 
polymer material is doped with an electron donor material. 

13. A field emission display comprising a field emission cathode as claimed 
in any preceding claim. 

14. A field emission display device as claimed in claim 13, comprising a 
first anode separated from the cathode such as to be capable of causing field emission 
therefrom, a second anode positioned beyond the first anode and a luminescent 
screen, wherein electrons are selectively emitted from the cathode under the influence 
of the first anode then accelerated onto the screen with sufficient energy to cause it 
to luminesce by the second anode. 

15. A method of fabricating a field emission cathode comprising forming a 
layer comprising polymer material on a substrate, the polymer material forming a 
field emission surface of the cathode. 

16. A method as claimed in claim 15, wherein a polymer solution is 
distributed on the substrate and the solvent is evaporated to leave behind the polymer 
layer. 

17. A method as claimed in claim 1 6, wherein the solvent is evaporated under 
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vacuum. 

1 8. A method as claimed in any of claims 16 to 1 8, comprising the further 
step of shaping the surface of the polymer material by use of a mould. 
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V * ^1^-^ Und ! r Af1iCle 35(2) With regard to noveltv ' ^ventive step or industrial 

applicability; citations and explanations supporting such statement 



1 . Statement 
Novelty (N) 

Inventive step (IS) 



Yes: Claims 1-17 

No: Claims 

Yes: Claims 1-17 

No: Claims 



Industrial applicability (IA) Yes: Claims 1-17 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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1. Novelty: 

The field emitter described in Dl=Asano et al . : "Field Emission 
From a Photoresist" (Jpn. Appl . Phys . Vol. 36, 1997) is 
considered as the closest prior art concerning the field 
emission cathode according to the present claim 1. The field 
emitter described in Dl is based on photoresist material 
Electroconductivity of the photoresist layer is obtained with 
argon xon implantation. 

The present subject-matter (see independent claims 1 and 14) 
differs from the known field emitter in that the emissive 
material is a conjugated polymer. 

The subject-matter of claims 1 and 14, and of the respective 
dependent claims, is therefore new (Article 33.2 PCT) . 

2. Inventive step: 

Dl mentions that photoresist may be carbonized by ion 
irradiation, causing an appreciable electroconductivity, it is 
unclear, however, whether such photoresist material may be used 
as field emitter material. The composition of the photoresist is 
not given in Dl . in any case, there is no suggestion in Dl to 
use conjugated polymers. 

D2=EP-A-540839 discloses a probe for an scanning tunnelling 
microscope. Figure lb shows a monolayer of a conjugated polymer 
(polythiophene) bonded to a tungsten tip (1). This is, however, 
clearly not a field emission cathode according to the 
terminology used in the present technical field. Ther is no 
indication to use the mentioned material in a field emission 
cathode. 

D3=WO-A-95/28742 shows the use of conductive polymer grids in 
tnode structures. The polymer itself serves to control the 
charge carrier transport (see eg. page 14, lines 27-34; page 27, 
line 29, to page 28, line 8). The cathode, however, is a 
metallic conductor (see eg. page 16, lines 24-34; page 23, line 
23, to page 25, line 21; page 36, lines 15-27). The discussion 
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m Example 6 (page concerning field emission is concerns charge 
injection into an active material in contact with the polymer 
rather than emission into the vacuum (see page 7, lines 19-25) 
it is considered that this does not indicate that the conductive 
polymer could be used as a field emitter cathode. 

The following documents are less relevant: 

D4=EP-A-0399299 is concerned with electroconductive polymeric 
materials, a part of which are conjugated polymeric materials 
However, there is no indication to use these materials in field 
emission devices. D2 proposes that the polymers may be used as 
conductive layers to prevent charge build-up or for 
electromagnetic shielding (see eg. page 3, lines 6-17). 
D5-GB-A-2233334 describes a field emission cathode obtained by 
irradiating an electroconductive polymer layer with a laser so 
as to produce a rough surface with a high density of cone-shaped 
erosions. The polymer is apparently not used as emitter 
material, because its surface is metallized in order to obtain 
field emitting surface (see page 7, 2nd paragraph). 

None of the cited documents suggests the use of a conjugated 
polymer as emissive layer in a field emission cathode 
Therefore, claims 1 and 14, and claims 2-13, 15-17, dependent 
thereon, involve an inventive step (Article 33.3 PCT) . 



3. industrial applicability of the claimed subject-matter is 
obvious (Article 33.4 PCT). 



4. The relevant state of the art (Dl) should be cited in the 
description (Rule 5.1.a.ii PCT). 



a 
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of manufacture in suitable form for use in a field emission display. 

In accordance with a first aspect of the present invention, there is provided 
a field emission cathode comprising conjugated polymer material forming a field 
emission surface. 

The inventors have fortuitously (and most unexpectedly) discovered that 
polymer materials can be manufactured giving high electron emission. Polymer 
materials can be formed by known techniques into uniform cathodes, which may 
be large in area, and can be highly stable. Exclusion of oxygen is considered 
useful for the stability of the material. 

Conjugated polymers typically have high density of free electrons. Most 
polymer films are p type with few free electrons; the substrate of the cathode can 
itself contribute electrons. 

Such materials are known for other applications in electronics, which 
utilise semiconductor type properties of certain conjugated polymers. The usual 
applications proposed for conjugated polymers - eg. in light emitting structures, 
photocopiers, photodetectors and thin film transistors - do not require the material 
to have a low work function, and it is believed that this property of such materials 
has not hitherto been utilised. The present inventors have found that some such 
polymeric materials are capable of producing very high steady state field emission 
currents with the threshold field needed to initiate field emission being smaller 
than for any other so far reported. 

It is especially preferred that the polymer material is a substituted 
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the grid and a luminescent screen, wherein electrons are selectively emitted from 
the cathode under the influence of the grid and then accelerated onto the screen 
with sufficient energy to cause it to luminesce by the acceleration anode. 

In accordance with a third aspect of the present invention, there is a 
method of fabricating a field emission cathode comprising forming a layer 
comprising conjugated polymer material on a substrate, the polymer material 
forming a field emission surface of the cathode. 

The polymer material may be any of the polymer materials referred to 
above with respect to the first aspect of the invention. 

Specific embodiments of the present invention will now be described, by 
way of example only, with reference to the accompanying drawings, in which:- 
Fig. 1 is a graph of normalised or average field emission current density 
(on a logarithmic scale of Acm" 2 on the vertical axis) against applied voltage for a 
cathode embodying the present invention; 

Fig. 2a is a graph of normalised field emission current density from a 
cathode according to the present invention in A cm" 2 and a logarithmic scale on 
the vertical axis against normalised applied electric field on the horizontal axis, 
measured in volts per urn. Results are shown for three anode-cathode spacings, 
the left-most line being for a spacing of 27um, the middle line for 47um and the 
right-most line for 130um; 

Fig. 2b is a graph of normalised field emission current density from a cathode 
according to the present invention in A cnr 2 and a logarithmic scale on the vertical 



AMENDED SHEET 



28-02-2000 



GB 009900765 



• • • • 



• • • 



• a • • * • 



18 

CLAIMS 

1. A field emission cathode comprising conjugated polymer material 
forming a field emission surface. 

2. A field emission cathode as claimed in claim jl wherein the polymer 
materia] is a substituted polythiophene. 

3. A field emission cathode as claimed in any preceding claim wherein the 
polymer material comprises a polyalkylthiophene. 

4. A field emission cathode as claimed in any preceding claim wherein the 
polymer material comprises poly-3-octyIthiophene. 

5. A field emission cathode as claimed in any preceding claim wherein the 
polymer material is formed as a layer on a substrate. 

6. A field emission cathode as claimed in claim 5, wherein the polymer 
material layer is formed from a polymer solution which is distributed on the 
substrate, the solvent being evaporated during manufacture to leave behind the 
polymer layer. 

7. A field emission cathode as claimed in claim 6;, wherein the solvent is 
evaporated under vacuum. 

8. A field emission cathode as claimed in claim 6 

i 

surface of the polymer layer comprises voids which are formed by solvent 
evaporation. 

9. A field emission cathode as claimed in any of claims 1 to 7, wherein 
the surface of the polymer material is shaped by use of a mould. 



; or claim 7, wherein the 
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9 wherein the moulded 



1 0. A field emission cathode as claimed in claim 

shape of the polymer material surface comprises projections which promote field 

| 

emission. j 

i 

i 

1 1 . A field emission cathode as claimed in any preceding claim, wherein 
the polymer material is doped with an electron donor material. 

12. A field emission display comprising a field emission cathode as 
claimed in any preceding claim. 

13. A field emission display device as claimed in claim 12, comprising a 
first anode separated from the cathode such as to be capable of causing field 
emission therefrom, a second anode positioned beyond the first anode and a 

luminescent screen, wherein electrons are selectively emitted from the cathode 

i 

under the influence of the first anode then accelerated onto the screen with 

i 

sufficient energy to cause it to luminesce by the second anode. 

14. A method of fabricating a field emission cathode comprising forming 
a layer comprising conjugated-polymer material on a substrate, the polymer 
material forming a field emission surface of the cathode. 

1 5. A method as claimed in claim 14, wherein a polymer solution is 
distributed on the substrate and the solvent is evaporated to leave behind the 
polymer layer. 

1 6. A method as claimed in claim 1 5, wherein the solvent is evaporated 
under vacuum. 
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17. A method as claimed in claim 15 or claim 16, comprising the further 
step of shaping the surface of the polymer material by use of a mould. 
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